ab initio calculations using a minimal basis set of Gauss functions have been carried out on the molecules CH4 , C2H2, C2H4, N2, HCN and CH3NH2 in order to test the usefulness of the basis set in predicting properties such as charge distributions and dipole moments in large molecules.
Introduction
As interest in ab initio calculations grows to include the investigation of the electronic structures of increasingly larger molecules, it becomes necessary to find more efficient Gaussian-type orbital (GTO) basis sets in order for the calculation to be practicable in terms of the amount of computer time necessary. Preuß has introduced and extensively studied the use of pure Gaussian functions as basis sets [1] [2] [3] [4] and has developed a basis set of 5 GTO's for the description of the core configuration (Is) 2 (2s) 2 for the second-row elements 4 . HARTMANN 5 has subsequently used these in an investigation of the geometry of the methylammonium ion. POPLE and coworkers [6] [7] [8] [9] [10] have reported extensive studies on Gaussian expansions of Slater-type orbitals (STO) and on energy-minimized, minmal GTO basis sets. Another approach which has been used in order to obtain greatest accuracy with a minimum number of functions is to add Gaussian lobes in the bond regions 3 ' 5 ' 11 ' 12 .
In the present investigation on some simple molecules, each hydrogen atom is represented by one Gaussian function 13 and each carbon and nitrogen atom by three Gaussian functions 14 for the configuration (Is) 2 (2s) 2 
Results and Discussion
The basis functions described above have been used to calculate the total energies, dipole moments, and charge distributions for CH4 , C2H2, C2H4 , N2 , NH3, HCN and CH3NH2. In addition, the exponents of the p-type GTO's have been varied in each molecule in order to determine which values give minimum energies for the various types of bonding. It has been found that the p-type functions optimized to give a minimum energy for the atoms do and, in the case of NH3, the dipole moments. The best-atom rfs are included; in the case of N, where this value could not be calculated for the neutral atom, the values for N + , N~, and the average value of these two have been used. Figures 1 and 2 show the variation in gross atomic charges nx for C in CH4 and for N in NH3, respectively, with rj. Figure   3 shows the variation in the dipole moment of NH3
with rj.
PALKE and LIPSCOMB 16 , using STO ab initio calculations, have reported the electron density at the carbon in CH4 to be 6.534 e~; here we have obtained a value of 6.706 e~, which is appreciably higher. NH3 presents a better example since this molecule has a dipole moment, and a comparison of calculated and experimental values affords a better test of the method being investigated here. PALKE and LIPSCOMB 16 On the other hand, the dipole moments and charge distributions are generally more adequately described with the best-atom functions.
Typical results for these molecules may be illustrated by those for CH4 and NH3, which are summarized in Tables 2 and 3 value is too high. The electron density on N in NH3 is calculated by Palke and Lipscomb to be 7.467 e~, while we obtain 7.216 e~. variation in the dipole moments as a function of the exponents.
In both of these molecules, as in the case of those previously discussed, the lowest energies occur for r]2P much larger than in the atoms. But here the me- experimentally 17 . Gross atomic charges for HCN and CH3NH2 are given in Table 5 , with the values from other ab initio calculations using larger basis sets included for comparison. One disturbing feature of the results for HCN and CH3NH2 is that the predicted gross atomic charges become worse as the dipole moment improves. For example, if we choose C rj= 0.30, very near the best-atom value of 0.292, the dipole moment in HCN improves as N r]2p increases, but the N atoms is in all cases positively charged and becomes increasingly so as N increases, as shown in Table 6 . The results for CH3NH2, also included in the Table, are similar.
The difficulty in determining a good exponent for the 2p GTO's in C and N is probably due to the failure of the s-type functions used to give an adequate description of the atomic cores. When these functions are used in calculations on molecules, the p-type GTO's require a larger exponent and hence become less diffuse in space in order to better describe the C or N atom in the molecule, with the result that bonding between C or N and other atoms such as H is not well characterized. Evidence for this can be seen in the results of the Mulilken po- thod fails to give a reasonable dipole moment with the best atom exponents, the value for HCN being actually negative, about -1. D as compared to 2.95 D experimentally 17 ; that for CH3NH2 is also too small, bring 0.7 -0.8 D as compared to 1.29 D pulation analysis for CH4 and for NH3 in Tables 2  and 3 : as the exponent for the p function becomes larger, leading to a more stable molecular energy, too much charge is transferred from C or N to the H atoms. Similar effects are observed in the cases of HCN and CH3NH2 , given in Table 6. •N H5 'H, Fig. 8 . Numbering of atoms in CHJNH2 .
JOHANSEN 21 has suggested that the bonding properties of molecules calculated using minimal GTO basis sets may be improved if more of the Gaussian functions are assigned to the description of the valence electrons and fewer to that of the core electrons. The use of this technique would undoubtedly improve the present results. HEHRE and coworkers 6 have found that, although least-energy minimized GTO's give a lower energy for molecules than do the GTO expansions of STO's, the latter usually require fewer functions in order to yield optimum values of charge distributions and dipole moments. They have also found that their STO-NG basis sets are usually applicable to a wider variety of molecules with less required re-scaling of parameters.
